
ARRNo. 3 2 4  

9 

i 
0 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

ORIGINALLY ISSUED 
M a y  1943 a8 

Advance Restricted Report 3E24 

ME'I'HOD OF CALCULATING PEBFORMANCE OF DUAL-ROTAmG PROPELLEBS 

FROM AIRFOIL CHARACmISTICS 

By I r v e n N a i m a n  

Langley Memorial Aercmeutical Laboratory 
Langley Field, Va. 

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but we now unclassified. Some of these reports were not tech- 
nically edited. All  have been reproduced without change in order to expedite general distribution. 

L - 330 



D A T  IONAL ADVISORY COI4NITTEE FOB AZBO~$AUT I C s  
---_- 

I i Z T H O D  OF C A L C U 3 d T I N G  FEIiF0BI:AIJCE OF JIUXL-ROTilT TiTG PSOPELLE3S 
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9 m e t h o d  i s  d e v e l o p e d  f o r  c a l c u l a t i n g  t h e  pe r fo rm-  
n e e  o f  a d u a l - r o t a t i n g  ‘p , rope l l e i .  f r o n  the s e c t i o n  c h e r a c -  
e r i s t i c s  of t h e  b l a d e  e l e x e n t s .  The method i s  a p 7 l i e d  
o 2,:~ ‘ e i @ i t - - b a l d e  d - u z l - r o t a t i n g  p r o p e l l e r  a n d  t h e  c o n p u t c d  
e s i l l t  s ;i:- e compai-ed w i t h  I.ow-speed w i n d - t u n n e l  t e s t s  o f  

t h e  sacie : ) r o p s l T e r  i n  b o t h -  t h e  t r n c t o i -  and  t h e  pusher 

exper?rc.eiit,?,i a c c u r a c y  o f  t h e  n e a s u r e n e n t s .  A c ? , e t a i l e d  
stei>--by-Sta? p r o c e d u r e  f o r  t h e  c o y ? u t a t i o n s  i s  ;Liven i n  SI 
apn end- ix ,  

p c s i t i o i i s .  ri;. & n e  comi3u ta t ions  a r e  f o u n d  t o  a g i - e e  v i t h i n  t h e  

I N T B O D U C T  I O N  

The work o f  S e t z ,  P r a n L t 1 ,  G o l d s t e i n ,  a n d  L o c k  ha , s  
a d v a n c e d  p r o ; 3 e l l e r  t h e o r y  t o  t h e  p o i n t  a t  w h i c h  p e r f c r n -  
a n c e  aa,y 3 e  c a l c u l a t e d  w i t h  c o n s i d e r a b l e  c o n f  icle+n_c,e f r o i n  
s e c t  i o n  c’;la.ract e r i s t  i c s  ~ With t h e  - i r , t r o d u c t  i o n  o f  d u a l -  
r o t a t i n g  i ) r o i > e l l e r s ,  e n  e x t e n s i o n  o f  t h e  m e t h o d s  t o  . t h i s  
t y p e  ~ 2 , s  d e s i r a b l e .  Ail e x a c t ,  p o t e n t i a l - t h e o r y  s o l u t i o n  
c o r i * e s p o i i d i n g  t o  t h a t  o f  G o l d s t e i n  h a s  n o t  P,S g e t  b e e n  ob- 
t a i n e d .  S e v e r a l  s p p i - o x l i n a t i o n s ,  h o w e v e r ,  c o v e r i n g  s p e c i f i c  
phzses  o f  t h e  p r o b l e u  h a v e  a p l e ? ; r e d ,  Lot? ( r e f e r . . e n c e  1)  
r e - n l a c e s  t h e  ~ j u l s a t i n ~ , - - v e l o c i t ~ . r  f i e l d  b y  o‘rre o f  a s t e a d y ,  
z v e r a g e  - f a h e .  I n  t h l s  weg equa,t i o n s  are o b t a i c e l !  by 
w h i c h  t h e  p a r f o r n a n c e  xay  be c a l c u l a t c d .  Collar ( r t ? f e r -  
e n c e s  2 ar;d S )  by c 3 , s c a d e  t I i e o r : ~  o b t a i n s  seize o f  t h e  T e r i -  
o d i c  e f f e c t : ;  ~ 

Ths c a l 3 . t i o n s  of r e f e l - e n c e  1 8i -e  v e r y  l e n g t h y  azd 
cumbersome 236. t h e  c r o s s  i n t e r p J l a t i o n  r e q u i r e d -  f o r  t h e  
s o l - i t i o i i  .nz1;es t h e  a c t u a l  c o t i g , u t n t i  on very t e d i o u s ;  for 
t h i s  i-easoii s e v e r a l  a p p r o x i m a t i o n s  t h z t  2 r o v i i l e  e q u i c k e r  
s o l u t i o n  at l o t i e r  a c c u r a c y  a r e  g i v e n .  I n  t h e  - ? r e s e n t  p:t,’er, 
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cir, s y n b o i i c n l i y ,  



8 



9 

. 

and 

Ais 0 



(13) 

( 1 5 )  

N 0 VI 



If  tar, w i s  o l i a f n a t e d  i n  e q u a t i o n s  ( i - i )  an?- (IS) ' 0  

by iiF:e of e q l x a t i o n  ( a @ ) ,  t v o  e c ! , u s t i o n s  arc o b t a i ~ e d  ti=,zt 
nay i?e r,ol.ved f o r  E a n d  E i n  t e r m s  cf y 

cp , 2,:1(? v2. T h i s  methoci :.!as u s e d  i n  r e f e r e n c e  1 al- 

tho-dch t h e  s o l u t i o n  t h e r z  d o e s  c o t  i r v o l v c .  t h e  s x ~ e  t r i g o -  
n o z i e t r i c  f u n c t i o n s .  A s  r?.c.,y b e  s e e n  3g i n s p e c t  i c n ,  wi.tn 
T o r  S, i? il. v 0 2  s p a c i f i e d ,  v a l u e s  o f  cp, a n d  y z  n u s t  b e  
nssur.?ed; t h e  c o r r e s p o n d i n g  v a l u e s  o f  

G a t e d ;  C L ~  p l o t t e d .  a g a i n s t  y1 f o r  s e r e r a l  f i x e d  va lues  of 

T,; C-,? : - ~ l o ' ~ t e d  n i n i l s r l y ;  by c r o s s  i n t e r p o l F , t i o n ,  t h e  

v-?li:es of v l  and t1i;st s a t i s f y  t h e  ; - i s e n  8 ,  a n d  

e- ,  r.ing b e  f o l x i d .  A x i n i ~ w i  of f o u r  p o i r t s  ,.?vbst b e  cozi- 

ppufeil tc, ~ ! e r l c : - n  t h i s  c i 'oss  i c t e r p o l a t i o n .  

1 2 01' VO;?' 

c or!l- 
E 2  

a n d  € 1  

6- 

,:. 



By u s e  o €  e q u 3 " t i o n  ( 2 0 ) ,  eauF. t ion  (IG) an:,. SE? s o l v e c l  f o r  
t a n  E , .  
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:= tar cpo c o t  (w + Y >  

(25a) 

( 2 5 b )  

S a e z i , - . l  Ca;e - :qual X o t a t i o n a l  S p e s d  a n d  

h 
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D i v i d i n g  j o t h  terms by r n  nnd a F p l y i n g  the relation- 
s h i p s  o f  e q u a t i o n s  (7), ( ? ) ,  ( 1 1 ) ~  (1-5)  g i v e s  

Then 

and, f r o m  equz i t ion  (2’71, 
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T h i s  v a l a e  i s  cornparel! w i t h  t h e  v a l u e  o f  F, c o r r e s p o n d ?  
i n g  t o  cp2 ' o n  t h e  F-char?; ,  ( S e e  f i g .  14 or 1.5.) >Jew 

v a l u e s  o f  (pa a r e  s e l e c t e d .  and o t h e r  v a l u e s  o f  2 ,  a r e  

c s l c u l a t e d  u n t i l  a g r e e m e n t  i s  r e a c h e d .  Iil p r a c t i c e  t h i s  
ne thoc i  i s  f o u n d  t o  5 e  v e r y  r a p i d l y  c o n v e r g e n t ,  

D i f f ' e r e c c e  i n  'ulade--,.tn&e ---I--- s s t t  i n r s  i-'---_..---- f o r  ._------ e o u x l  -------_I t o r q - a e , -  
The c o r r e c t  d i f f e r e n c e  fa b l a d e - m g l e  s e t t i n g  i s  t h e  ciif-  
f e r e x c e  t h a t  g i v e s  5x1 e q u a l  i n t e g r a t e d  toi-quo f o r  b o t h  
p r o T e l l e - s .  170 gene:-3.1, s o l u t i o n  c a n  b e  g i v s n  f o r  t h i s  
b ln0e-angle  d i f f  e r e i i c c  5 e c a u s e  the y r o b l e n  i s  c o a p l i c a t e d  
by  t h e  d i s t r i 3 a t i o A 1  o f  l o a d  and  s o l i d i t y .  A few c o n c l u -  
s i o n s  i.iny b e  d r a w n ,  Irrorrever,' f o r  t h e  d i f l o r e l i t i a l  t o r q u e  
at t h e  b l e .de  e l e x c n t s  w i t h  t h e a s i d  o f  fi;:v-i.c 1 a n d  cnua- 
t i o n  ( 2 3 ) .  3'0:- t h e  f r o n t  p r o p e l l e r ,  v = 0 m d  t h e r e -  

a1 > a, (2nd 0 ,  > 0,. ;?'or e q u s f  t o r q u o ,  t h e r e f o r e ,  O 2  
n u s t  b e  l e s s  t h a n  0 ,  a t  each r a d i u s .  IT 9., is n o t  
c o r r e c t l y  s e t ,  h o w e v e r ,  t l i e  t o r q u e  ori t h s  rear e l e n e n t  
m a y  b e  g i*ca . te r  o r  l e s s  t h n n  on t h e  f r o n t .  ( S e e  f i g s .  5 
a n d  6 .  ) 

A P P L I C A T I O B  OF iIETHOD TO BIGgT-33ADE 3 U A L  I'KOPZ,;,LLEFi 

The f o r e g o i n g  r e t h o d  h a s  S c e n  n p p l i c d  t o  t h e  c a l c u l a -  
t i o n  o f  t h e  p e r f o r n s n c e  o f  an e i g h t - b l a d e  ' d u a l  p r o p e l l e r  
w i t h  H a m i l t o n  S t a n d a r d  Si55-6 a n d  2 3 . 5 6 4  512,des .  A de- 
s c r i p t i o n  o f  t h i s  T r o p o l l e r  arid results or" : r i r d - t u n n o l  
t e s t s  o,ro  g i v e n  i n  r e f e r e n c e s  5 a n d  6 .  The l i f t  a n d  t h e  
l i f t - d r a , g  cur-Tcs are ; : i ~ e n  ii? f i g u r e s  3 and 4 ,  r e s p e c t i v e l y .  
The s e c t i o n  c h m a c t e r i s t i c s  f o r  x = 0 . 6 ,  0.7, 0 . 8 ,  0 .9 ,  
ana (2.95 w e r e  ta:zer, f ro l ;  f i g u r e  1 0  of r e f ' e r - cnce  7 f o r  t h e  
a n i J r c p r i a t e  t h i c k i l c s s c s .  A t  I = 0 . 2 ,  t h e  s e c t i o n  i s  
a l ~ i o s t  c f r  ml:>,r; i t  WFI,S, t h c r e f o r 3 ,  a z a a a e d  t o  b e  o p e r a t -  
il?g a t  z L r o  l i f t  mid a c o n s t a n t  CD ~ i '  0.4 .  A t  i, = 0.3,  
t h e  s e c t i o n  i s  a l m o s t  s y n n e t r i c a l  and q u i t e  t l i i c k .  T h i s  
s e c t i o n  was sr%itrsr i l ;T g i v e n  a C~J o f  0 . 0 5  sild ;t s10pe  
o f  l i f t  c u r v e  of G . C 4 5  p e r  d e g r e e  v i t h  z e r o  l ' i it  a t  a -- 0 .  
Tf?e c h ~ r p , c t s ~ 5 s t i c s  f o r  x = 0 . 2  and  0 .3  :me  q u i t e  ro?lgh 
a p I > r o x f x a , t i o n s  ba t  s h o u l d .  b e  s a t  i s f : A c t o r y  ij.:tsy-G-ch a s  t h e  
c c n t r i b u t i o n s  o f  t h e s e  e l e i ? e n t s  a r e  s x a l l .  

T11.e d e t e r A i n a t i o i i  o f  t h e  c h a r a c t e r i r t i c s  f o r  t h e  sec -  
t i o n  a t  s = G.45 tqas soze!i.hat a o r e  i n v o l v e d .  I t  was f i r s t  

P 
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necessa r ; r  T O  r e c o n s t r u c t  t h e  y r o f  i l e  from t h e  d-rawings ~ 

T h i s  s e c t i o n  was focrlfi- t o  h a v e  d -cub le  c a n b e r ,  v i t h  'I r!ean 
cainber of 3.8 p e r c e n t  a n d  a t h i c k n e s s  o f  16,6 p e r c e n t .  
B y  ai1 un ;>ub l i s i i ed  n c t h o d  f o r  d e t e i n i n i n g  t h e  ? h a r z c t e r i s -  
t i c s  of 2" f a i n i l y  o f  a i r f o i l s  b a s e d  upon :I, g i v e n  t h i c k n e s s  
a n d  cn:nber d i s T , r $ b u t l o n ,  a n  esamp:e f o r  t h e  C l u k  :J.- a i r -  
f o i l s  w a s  p r e p a i - e d .  F r o g  t h i s  e x a n p i e  t i l e  s e c t i o n  a t  
x = 0,45 was f o u n d  t o  h a v e  an a n g l e  o f  z e r o  l l f t  o f  
--3,3' aiid a s i o p e  o f  l i f t  c u r v e  o f  0 , 0 9 4  p e r  d e g r e e .  
The 1Sf t - d r a g  r a t i o s  i , ,~ere  t a k e n  t o  be t h o  s , m e  a s  t h o s e  
f o r  t h e  1% 6--,1err-.ent--thic!; C1:)rk Y airfoil 02 f i g u r e  1 0  
o f  r c f e i * e i i c e  ' 7 .  T h i s  c h o i c e  i s  n o t  q u i t e  c o r r e c t ,  b u t  
t h e  e r r o r  t l i u s  i n t r a c i n c e d  i n t o  t h e  c a l c a l a t i o n s  i s  v e r y  
s a s l l .  T h e  v a l u e s  df F u s e d  w e r e  t h o s e  f o ?  t h e  f o u r -  
I I ~ A C L ~  u r o ? e l l e r ,  ( S r ? e  f i g .  15.) 

r*  ~ * - : e  d i f f e r e z t i n l - t o r q u e  c u r v e s  f o r  t h e  f r o n t  a n d  
0 r e a r  --i-o1.c3.1eys at  :c = 0 . 7 ,  3 ,  = 4 6 - 6  , and 8, = 

4 5 , ~ ~ ~  ' : r e  { , i ven  i n  f i g u - . - e  5 .  'phi:: c o n ~ ~ i t i o i l  corresponds 
t o  R bI*Ldc-;LilF;1e. ~ e t t i n g  o f  45 3,ild 44' a t  0 ' 7 5  r a d i u s .  
S i n i I - ~ ~ r  C L T - J ~ F I .  v e y c  co;is:rucJ;ed f o r  t h e  o t h e r  radii 2nd 
also i o i -  the d i f f e r e n t i x i  t h r u s t .  t . i p r e s  6 a n d  7 g i v e  
t h e  d ~ f l e r c n ~ i ~ ~ l - t h r u s c   id *,he d i f f e r e n t i a l - t o r q u e  Cis- 
t r i b u t i o i i ,  i - e s l , c c t i v c l y ,  ? o r  t h e  saxfie b lc .de  s e t t i n g  a t  
J = 2.1.1, c o r r e s ; ~ o n d i n g  t o  e n - u n l  t o r q u e ,  S i i l i i l a r  d i s t r i -  
b u t  ioi ls  t.:ci*c & e t  e r n i n e d  f o r  o t h e r  v n l u e s  o f  ndvan;e- 
d . i m c ! t c r  r c t i o  a n d  o f  51::d-e a n g l e ,  The c a 1 c a l . z t c d  i n d i -  
v i d u . ~ u l  t k r u r t  a n d  i i : d i v i d u z l  por..er c u r v e s  a:*e g i v e n  i n  
f i g p r e r ,  li a x $  9 ,  r e s p c c t l v a l : - ,  f o r  t h c  3 0 " ,  45', a n d  63' 
s o t t i n r s  o f  t h e  f r o c t  p i . o p e l l s r  i r i t h  t h e  s , ~ : ~ e  v a l u e s  of 
t h e  r e v  p r o ~ ) e l l e r  n s e d  i n  r e f e l * e i i c e s  5 a n d  6 "  Compari- 
s o n s  b e t l i e e n  t h e  c a 1 c u i : x t e d  and the o b s e r v e d  p o w e r  coe f -  
f i c i e n t s  l o r  t h e  f r o n t  aizd foi. t h e  r e a r  p r o > e l l e r s  are 
2 r o - r i C e d  ic f i g u r e s  1.0 a2nd 1L, r e s p e c t  i v e l - y ,  F i g u r e s  1 2  
a n d  13 J - l r o v i i l e  s i x i l z r  c ~ n ; . , a r i s o n s  f o r  t h c  t o t a l  t h r u s t  
a n d  t h o  t o t a l  powei. c o c f f i c i o n t s ,  T h e  e x t e n t  o f  t h o  c a l -  
c u l a t e d  cu i -ves  i s  l k n i t e 3 -  by t h e  f z c t  t h a t  c c a l c u l n t i o n s  
we$e c : i r r i e d  o u t  O i i l y  a s  f a r  2 s  C1; = 0.8  f u r  t h e  f r o n t  
p r o p e l l e r .  

0 

7 '  

X x e m i n n t i o n  o f  t h e s e  fi;:yzes i n d i c a t e s  2- q z i 5 e  g o o d  
apee:eel : t  b e t v e e i i  t h e  c n l c u l a t e d  ar,d t h c  o b s e r v e d  t u r v e s ,  
e s p e c i d !  :' 1 - o ~  thc: ,go\AIci- co e=+' L - i c i e n t  i ' c r  t i i e  i - e w  p rope l - .  
l o r -  T h e  p o w e r  o f  t h e  i ' r o n i  ; ; ~ . o - o c l l e r  d o e s  n o t  show s o  
good. a:? ni;rocx::eit -. thc? i - e ' z son  i s  n o t  a t  p r t l s e i i t  a p p a r q n t .  
Yhc ind-ividn:Li  tnrust " u r v c s  y,rerc, c o t  o h t a i i i e a  exper:-  
mcRtn1 i.2' ;l.ncL co i~ iL?  n o t ,  f , l i c ~  o f o y  ~ b e  c ; o m p a y u d ,  The t o t a l  
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t h r u s t  s eems  t o  a g r e e  q u i t e  w e l l  b u t  shows t 3 e  same a is-  
c r e p a n c i e s  as  t h e  t o t a l  i3o::er c u r v e s .  F u r t h e r  c a l c u l a -  
t i o n s  of  t h i s  t y p e  f o r  b o t h  dua l  a n d  s i n g l e  p r o p e l l e r s  . 
~ . y o u l d  b e  h i g h l y  d e s i r a b l e .  

C0;"rCLUD I N G  BEE4&PiiS 

A x e t h o d  h a s  b e e n  d e v e l - p e d  h e r e i n  f o r  c a l c u l a t i n g  
t h e  p e r f o r n a n c e  o f  a d u a l - r o t a t i n g  p r o p e l l e r  from t h e  
s e c t i o n  c h s r n c t e r i s t i c s  o f  t h e  b l a d e  e l e n e n t s .  Connuta-  
t i o n s  f o r  an e i g h t - - b l a d e  p r o p e l l e r  m e  conpared.  w i t h  t h e  
r e s u l t s  ol" l o w - s p e e d  w i n d - t u n n e l  t e s t s  o f  t h i s  p r o p e l . l e s  
i n  b o t >  t h e  t r a c t o r  and t 5 e  pusher p o s i t i o n s .  The con- 
p u t a t  i o n s  a g r e e  w i t h t n  t h o  e x p e r i n e n t a l  a c c u r a c y  of  t h e  
m e a s u r e n e n t s .  

L z i i g l e j  ;;cinno*iol S e i . o n s u t i c a 1  L . ~ S o r a t o r y ,  
B z t i o n a l  A d v i s o r y  S o m i i t t e e  f o r  A e r o n 3 u t i c s ,  

L a n S l e y  Ti'ielCL, Va., 

APPEXDIX A 

-_ 
P ~ I C  conL3lete > c r f a r n a i i c &  o f  a dzal p ~ o y c ? ' l l . c r  f o r  any 

pi3rtiC7J-12r r o , d i u s  nay b e  c a i c u l ? t c &  or,  t2?lieo : T o r l r  s h e e t s ,  
sample:: o f  v h f c h  a r e  i n c l c d e d .  ( S e c  c o n p u t a t i o c . f o r ~ s . :  
a:ic:L:t 1 fs u s ~ d  t o  dtte;.;:!ine t h e  l i f t  c o e l f i c i e r t s ,  t h e  
f n f l o w  ::ilC;;-eR, ailit- t h e  a d v a n c e - d i a r i e t e r  r z t . i o  t h e  t w o  
p r o p e l l e r s .  S k o c t  2 i s  :I t r i a l  s h c e t  noccssc?.ry i n  d e t e r -  
r . i i3ing t h c  l i f t  c o c f f i c i d n t  0 2  $he r e a l -  p r o z e l l e r .  S h e c t  3 
p r o v t d s s  t h e  c o p 2 u t a t i o ' n  o f  t i l e  d i f f e r e n t  1281-tkrust n;id 
t h e d i f i c i* en t i a i -  t o r  q u  e co e f f i c i e n  t s f o r  b o  t h yr o 73 e 1 1 e r  :: . 

... 

---- Sheet -__ 1.- F O T  a n y  p a r t i c l x l a r  r<z?,dius x ,  t h e  s o l i d i t y  
u e n d  t h e  b l a d e  ang '1-e~ 0 ,  a n d  6 ,  a r e  s ? e c i f i e d .  

Arbitra;.;;  v-zlxes  o f  CL at i n t e r * \ - n l s  o f  0.1, for e x a m p l e ,  

are s e l e c t e d  azd t h e  a.g$:le o f  a t t a c k  al i s  d e t e r m i n e d !  
f r o l a  t h e  l i f t  c z r v c  ( i n f i n i t e  a s p e c t  r a t i o ) .  i l o s t  e n t r i e s  
a r e  s e l f - e v i d e n t ;  t h e  o t h e r s  m e  o b t r , i n e d  a s  f o l l o w s :  

1 
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‘pl = el - 0,:. Tne v a l u e  o f  F, i s  d e t e r m i n e d  from c h a r t s  
€ o r  t h o  a p p r o p r i a t e  v a l u e s  o f  x atd c p , .  i J a lues  o f  F 
a r e  g i v e n  i n  f i g u r e s  14 and 15 f o r  t h r e e -  a n l  I m r - b l a d e  . 
p r o p e l l e i - s  r e s p e c t i v e l y .  S i n i l a r  c h a r t s  i c r  t w o -  a n d  
s i x - b l a d e  p r o p e l l e r s  may b e  f o u n d  i3 Y o f e r e n c e  7 ,  Tha  
o r i g i n a l  data f o r  t h e s e  chnr’ , s  w e r e  o b t a i n e d  i r o n  r e f e r -  
e n c e  6 .  T h e n ,  f r o n  e q u a t i o n  ( 1 1 ,  

S h e e t  --.I -_ - 2 - I t  i s  1101,~ n c c c s s n r y  t o  dc t c i - r i i i i e  t h e  v a l u e  
of ,CL, st u k i c l i  t!ie r e a r  propeller o ; s c r n t e s  v h = n  t h e  

f r o a t  L j r o p c l i e r  opor:.,t  e s  a , t  t h e  assurieci r * ~ l n t ?  o f  

T h i s  ‘vn!-uo 1.1~~7 -de  n o s t  c o n - r c n i e n t l y  d c t c r . x i n c d  by  assuming 
two vsluos 0 :  1 3 ~  - cp2 and d c t c r c j n i n g  t h c  c o r r o s p o n d i n g  
v a l u e s  o f  C L ~ ,  , B l o t t i n g  the:: i i i r e c t i y  o n  t h e  c h a r t  o f  

CL a g a i n s t  (x, a n d  detcr:Ji::ir:g the i n t e r s c c t i o n  o f  the 

l i f t  c u r v e  v i t h  t h e  l i n e  c o n n e c t i n c  t h o s e  t i i o  p o i n t s .  The 
f u n c t i o r ,  CL,, a g p * i n s t  g 2  - y 2  i s  r e a l l y  :t c u r v c  b u t  e 

i f  the po in t : :  a r e  t a k e r ,  c l o s o  t o r ; o t h c r ,  t h c  s t r 2 i & t  line 
is s u f i i c i e i 1 t l y  n c c u r a t c .  

CL, 

. 



tan c ; o p  - G - t 82 c ,? I -------------- 
I - 3 2  + G tall T,? 



. 

I. 
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F o r  t h e  f ' r o r t  j ? r o p e l l e r ,  A 0 ;  f o r  t h e  rear p r o p e l l e r ,  
A tl: 0 o n l y  if CL, = 0 .  

The c o n d i t i o n  f o r  e q u d .  t o r q u e  is g i v e n  as 

o r  

2 ,  t a n  c 1  = E', t a n  c 2  

t a n  c 2  = c o t  ?, + (1 + 2 ~ ~ )  t a n  s i  - c o t  y., 
A L-- 

is assumed and z 2  c a l c i z l ; z t c d ,  2 3 , ~ s  'Fz  k v a l u e  o f  

c a l c u i a t , e d  va lue  is c o E p s r e d  w i t h  k n a t  o b t . ~ i n e d  f r o r ? ,  t h e  
3 - c h a r t  f o r  t h e  g i v e n  v c l u e s  o f  3 ,  3, m d  z o  S u c c e s -  
s i v e  v a l u e s  & r e  n s s u m s d  a n t i 1  aC:rcerneilt i s  reen,clied. In 
p r a c t i c e  $ h e  p r o c e s s  is f o u n d  t o  -ae r a p i d l y  convergent, 



2,E d . 
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. C  .. , 

X i s o ,  

2 2a 



wh e r  e 
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Bow 

0 
is '. 
m 
5 

I-- F o r  t h e  f . r o n t  p r o p e l l e r ,  

rei + TT = rGl 

Yos- t h e  rear p r o p e l l e r  

T Q  + v = rlZ, + v a  = r C j , ( L ' +  ;.;A) 

Ther ef or e 

The differential t1ir:;st a n i  t h e  d i f f e r e n t i c - i  t o rc lue  are 
t h e n  o b t a i n e d  a s  

w i t h  A 0 f o r  t h e  f r o n t  r , r o p e l l e r ,  
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1. L o c k ,  C. ?T* H , :  I n t e r f e r e n c e  V e l o c i t y  f o r  a C l o s e  
-. 

P z i r  of  C o n t r ~ ~ - K o t ~ t i n g  A i r s c r s w s .  5 2 3 4 .  A.P. 2 ? 0 3  
9 , P . L .  ( 3 r i t i s h )  J u l y  2 2 ,  194 i . .  

2 ,  C o l l a r ,  A ,  R , :  Or t h e  P e r i o d i c  X f f e c t s  E x p e r i e n c e d  by 
t h e  B l a d e s  o f  n C a r t r a - R c t a t i i 1 g  A i r s c r e w  P:.ir. 
R ,  & L3. No, 1992, 3 r i t i s h  b , R . C .  1941. 
1541.. 
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p e l l e r s .  P r o c .  B O Y .  S O C .  ( L o n d o n ) ,  sera A . ?  vel, 
123, n o ,  7 9 2 ,  I T r i l  G ,  1 9 2 9 ,  :OIJ.. 4':C-465, 

t 

8 ,  Lock ,  G .  E<, E", nnd Y e z t m m ,  D., T a b l ~ s  f o r  U s e  i n  
alz Improved  i l e t k o d  o f  d i r e c r e w  Stri? iC11eGl.y Cnlcu-  
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